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R.L. Verhoeven and H.J.T. Venter 
Department of Botany, University of the Orange Free State, Bloemfontein 
The pollen morphology of all 25 species of Mansonia L. 
(Geraniaceae) has been studied. The pollen grains are 
tricolpate, subprolate to spheroidal. The exine structure is 
reticulate. The nexine consists only of nexine 1 (footlayer). 
The pollen of Mansonia species cannot be identified to 
species level. They have to be assigned to pollen types or 
subtypes. In Mansonia four pollen types are recorded, 
namely the Mansonia type, Mansonia subtype Nivea, 
Mansonia subtype Drudeana and Erodium subtype Hirtum. 
The Mansonia type includes 18 species. The Nivea subtype 
is distinguished from the Mansonia type by the presence of 
knoblike supratectal processes and comprises two species. 
The Drudeana subtype has a wavy muri with columellae 
closer together than in the Mansonia type and consists of 
four species. The Erodium subtype Hirtum has a striated 
exine and only one species has pollen grains of this 
subtype. 
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Die stuifmeelmorfologie van al 25 spesies van Mansonia L. 
(Geraniaceae) is bestudeer. Die stuifmeelkorrels is trikolpaat , 
subprolaat tot sfero"idaal. Die eksien besit 'n geretikuleerde 
struktuur. Die neksien bestaan slegs uit neksien 1 
(voetlaag). Die stuifmeel van Monsonia-spesies kan nie tot 
op spesievlak ge"identifiseer word nie. Hulle kan wei in 
stuifmeeltipes of stuifmeelsubtipes ingedeel word. In 
Mansonia is vier stuifmeeltipes onderskei, naamlik die 
Monsonia-tipe , Monsonia-subtipe Nivea, Monsonia-subtipe 
Drudeana en Erodium-subtipe Hirtum. Die Monsonia-tipe 
kom in 18 spesies voor. Die Nivea-subtipe word van die 
Monsonia-tipe onderskei weens die voorkoms van 
knopvormige supratektale uitsteeksels en kom in twee 
spesies voor. Die Orudeana-subtipe het 'n golwende muri 
met die kolumellas nader aanmekaar as in die Monsonia-
tipe en kom in vier spesies voor. Die Erodium-subtipe 
Hirtum het 'n gestrieerde eksien en slegs een spesie het 
stuifmeelkorrels van hierdie subtipe. 
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Introduction 
The family Geraniaceae includes the five genera, Erodium 
L'Herit. , Geranium L., Mansonia L. , Sarcocaulon (DC.) 
Sweet and Pelargonium L'Herit. (Hutchinson 1969). The 
family is divided into two tribes, the Geranieae, which includes 
Erodium, Geranium, Mansonia and Sarcocaulon, the flowers 
of which are all basically actinomorphic, while Pelargonium , 
with zygomorphic flowers , is the sole genus of the Pelargo-
nieae. The common diagnostic feature of all five genera is 
the schizocarpic fruit. 
Mansonia comprises 25 species of annual or perennial 
herbaceous plants (Venter 1980). De Candolle (1824) sub-
divided Mansonia into three sections, M. sect. Sarcocaulon, 
M . sect. 0/opetalum and M. sect. Odontopetalum . Sweet 
(1826) raised M . sect. Sarcocaulon to generic level. Boissier 
(1867) created two sections, M. sect. Plumosae and M . sect 
Barbatae. Knuth (1912) distinguished seven sections, five of 
which were new, viz. M. sect. Bijlorae, M. sect. Genistiformis, 
M. sect. Ovatae, M. sect. Rotundae and M . sect. Umbellatae. 
He maintained M. sect. Plumosae Boissier and M . sect. 
Odontopetalum DC. Kers (1968) criticized Knuth's classifi-
cation and reinstated Boissier's two sections and added a third, 
section Mansonia ( = Odontopetalum DC.). Venter (1979) 
considered Boissier's classification as the most satisfactory. 
Accordingly the genus is divided into the two sections, M. 
sect. Mansonia ( = Odontopetalum DC. or Plumosae Boiss.) 
and M. sect. 0/opetalum DC. ( = Barbatae Boiss.). M. sect. 
Mansonia comprises those species with plumose mericarp tails 
(mostly), palmately veined leaves, connate sepals and spurs 
(or pouches). M. sect. Mansonia comprises M. deserticola 
Dinter ex Knuth, M. drudeana Schinz, M . heliotropioides 
(Cav.) Boiss., M. ignorata Merxm. & Schreiber, M. longipes 
Knuth, M . luederitziana Focke & Schinz, M . nivea (Dcne.) 
Webb, M. parvifolia Schinz, M. speciosa L., M. trilobata Kers 
and M. umbel/ala Harv. 
Mansonia sect. 0/opetalum includes those species with 
plumeless mericarp tails, pinnately or subpinnately veined 
leaves and free sepals. It comprises M. angustifolia E. Mey. 
ex A. Rich., M. attenuata Harv., M. brevirostrata Knuth, 
M. burkeana Planch. ex Harv., M. emarginata (L.f.) L'Herit., 
M . galpinii Schltr. ex Knuth, M . glauca Knuth, M. grandifolia 
Knuth, M . ignea Schinz, M. lanuginosa Knuth, M. natalensis 
Knuth, M . praemorsa E. Mey. ex Knuth, M . senegalensis 
Guill. & Perr. and M . transvaalensis Knuth. 
Mansonia occurs in Africa, Madagascar and south-west 
Asia where it inhabits deserts, semi-deserts, tropical and 
subtropical bushveld, and also highland grassveld (Venter 
1979). The main centre of distribution is southern Africa 
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Table 1 Species and voucher specimens from which pollen was studied 
Taxon Collector Locality Herbarium 
M. angustifolia D. Muller 40, 4 Mar. 1967 Bloemfontein, RSA BLFU 
E. Mey. ex A. Rich. H. Venter 7412, 13 Feb. 1976 Bloemfontein, RSA BLFU 
J. de Wilde 6425, 28 Mar. 1970 Jijiga, Ethiopia WAG 
M. attenuata Harv. H. Venter 8729, 11 Mar. 1982 Harrismith, RSA BLFU 
M. brevirostrata Knuth E. Galpin 6590, 5 Mar. 1904 Maclear Distr. RSA PRE 
C. Moss 11141, 7 Mar. 1925 Johannesburg, RSA J 
M. burkeana Planch. Botha & Ubbink 2787, 5 Feb. 1981 Potchefstroom, RSA BLFU 
ex Harv. K. Dinter 5415, 22 Jan. 1925 Uisib Mountains, SW A BLFU 
H. Venter 8803, 19 Mar. 1983 Potchefstroom, RSA BLFU 
H. Venter 7413, 13 Feb. 1976 Zeerust, RSA BLFU 
M. deserticola H. Venter 8638, 29 Oct. 1981 Aus, SWA BLFU 
Dinter ex Knuth Giess et a/. 5461 , 24 Feb . 1963 Liideritz, SW A WIND 
M. drudeana Schinz H. Venter 8632, 27 Oct. 1981 Aus, SWA BLFU 
R. Verhoeven 150, 23 Aug. 1983 Witpiitz, SWA BLFU 
M. emarginata (L.f.) H. Venter 7457, 4 Apr. 1977 Port Elizabeth, RSA BLFU 
L'Herit. H. Venter 7459, 5 May 1977 Grahamstown, RSA BLFU 
H. Venter 7472, II Oct. 1976 Riversdal, RSA BLFU 
M. ga/pinii Schltr. ex Knuth 0. Hilner 165, Dec. 1918 East London, RSA GRA 
M. glauca Knuth G. Theron 2793, 8 Jan. 1974 Messina, RSA BLFU 
W. van Rensburg 34, 17 Apr. 1981 Kakamas, RSA BLFU 
M. grandifolia Knuth H. Venter 7460, 7 Jan . 1977 Weza, RSA BLFU 
M. he/iotropioides Danin & Shmida S-2709, 8 Mar. 1968 Sharm-el-Sheikh, S. Sinai BLFU 
(Cav.) Boiss 
M. ignea Schinz P. Ellis 184, 4 Nov. 1933 Ogaden, Ethiopia FI 
M. ignorata Merxm. R. Verhoeven 152, 24 Aug. 1983 Aus, SWA BLFU 
& Schreiber W. Giess 13423, 29 June 1974 Sossusvlei, SW A WIND 
Giess & Robinson 13187, 12 Jan. 1974 Spencer Bay, SWA WIND 
Giess & Robinson 13203, 14 Jan. 1974 Spencer Bay, SW A WIND 
M. lanuginosa Knuth W. Nelson 536, Aug. 1880 Houtbosch Mountain, RSA K 
M. longipes Knuth J. Gillett 18363, 19 Nov. 1967 Kilima Kin, Kenya B 
Po/hi/1 & Paulo 1012, 17 Dec. 1961 Namanga, Kenya FI 
M. luederitziana H. Venter 8640, 29 Oct. 1981 Ariamsvlei, SWA BLFU 
Focke & Schinz R. Verhoeven 137, 20 Aug. 1983 Kakamas, RSA BLFU 
W. van Rensburg 13, 17 Apr. 1981 Kakamas, RSA BLFU 
R. Moffett 1002, 13 Dec. 1975 Kenhardt, RSA STE-U 
M. natalensis Knuth H. Nicholson 989, II Mar. 1971 Port Edward, RSA PRE 
M . nivea (Dcne.) Webb Danin & Shmida S-2720, 8 Mar. 1968 Sharm-el-Sheikh, S. Sinai BLFU 
C. Davis 8543, 25 May 1943 Cairo, Egypt K 
M. parvifolia Schinz BLFU 10221, 24 Mar. 1985 Ariamsvlei, SWA BLFU 
R. Verhoeven 138, 20 Aug. 1983 Pofadder, RSA BLFU 
R. Verhoeven 159, 25 Aug. 1985 Kakamas, RSA BLFU 
M. praemorsa H. Venter 2466, 10 Aug. 1966 Mtunzini, RSA BLFU 
E. Mey. ex Knuth H. Venter 8780, 6 Jan. 1983 Mtunzini, RSA BLFU 
M. senegalensis G. Theron 2796, 8 Jan. 1974 Messina, RSA BLFU 
Guill. & Perr. De Winter & Leistner 533, 2 Apr. 1957 Ohopoho, SW A PRE 
R. Seydel 3285, 8 Feb. 1963 Karibib, SWA WIND 
A. Peter 41040, 7 June 1926 Ukomasi, Tanzania B 
M. speciosa L. J. vl d Walt 446, 18 Sep. 1975 Stellenbosch, RSA STE-U 
M. Gillett 115, 21 Oct. 1928 Stellenbosch, RSA STE 
M. transvaalensis Knuth H. Venter 8775, 4 May 1982 Lydenburg, RSA BLFU 
Werdermann & Oberdieck 2155, 2 Feb. 1959 Lydenburg, RSA PRE 
M. trilobata Kers A . Witman 355, 26 Apr. 1949 Narubis, SW A BOL 
M. umbel/ala Harv. H. Venter 8974, 24 Aug. 1983 Seeheim, SWA BLFU 
Giess et a/. 5093, 13 Feb. 1963 Karibib, SW A WIND 
where 21 species occur, 18 of which are endemic to this region, 
namely M. attenuata, M. brevirostrata, M. burkeana, M. 
deserticola, M. drudeana, M. emarginata, M. galpinii, M . 
grandifolia, M. ignorata, M . lanuginosa, M. luederitziana, 
M. natalensis, M. parvifolia, M. praemorsa, M. speciosa, M. 
transvaalensis, M. trilobata and M. umbel/ala. Species widely 
distributed in Africa are M. angustifolia, M. glauca and M. 
senegalensis. M. angustifolia is also found in Madagascar and 
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Table 2 Diameter of pollen grains (~-tm) 
Taxon Polar diameter 
M . angustijolia I 72,8(66, I - 76,9) ± 3, I 
2 77,3(69,2- 89,2) ± 5,6 
3 82, 1(75- 85,5) ± 3,4 
M . attenuata 86,9(76,9 - 96,9) ± 5,4 
M. brevirostrata 62,9(57- 72) ± 3,8 
2 63,5(60- 67,5) ± 3,7 
M. burkeana 70,6(66,1 -76,9) ± 3 
2 66,6(64,6 - 69,2) ± 2,3 
3 66,3(64,6 - 69,9) ± I ,5 
4 75(67,7 - 81 ,5) :;,3,3 
M. deserticola I 46,4(43,5 - 52,5) ± 3, I 
2 60,5(54- 69) ± 5,9 
M. drudeana 131 ,3(123 - 138,4)±3,7 
2 125(115 -138,4)±7,3 
M. emarginata I 88,3(84,6 - 92,3) ± 3 
2 90,4(86, I - 10 I ,5) ± 4,4 
3 83 ,2(76,9 - 95,4) ± 4,7 
M. ga/pinii 118,2(11,38 - 123)±2,8 
M. glauco 71 ,6(67, 7 - 76,9) ± 2,6 
2 71 ,5(61 ,5 - 78,4) ± 3,8 
M. grandijolia 124,5(118,4 - 130,7) ± 3,5 
M. heliotropioides 85 ,4(81 ,5 - 92,3) ± 3 
M. ignea I 94,2(87,7 - 99,9) ± 4,2 
M. ignorata I 74,3(66,1 - 83 ,1)±4,9 
2 72,8(63,1-83,1)±4,3 
3 77, 1(67 ,7 - 83,1) ± 3,9 
4 70,6(67,7 - 73 ,8) ± 2 
M. /anuginosa 86,2(79,5 - 93,8) ± 5,8 
M . longipes 102,5(97 ,5 - 108) ± 5,2 
2 103,1(96 - Ill) ± 4,8 
M. luederitziana 100,9(92,3 - 110,7) ± 5,4 
2 I 02,3(92,3 - II 0, 7) ± 4,8 
3 97 ,3(92,3 - I 04,6) ± 4,5 
4 107,6(98,4 - 115,4)±4,9 
M. nata/ensis 88,9(79,7 - 102)±6,2 
M. niveo I 85 ,3(79,9 - 95,4) ± 4 
2 97 ,2(86, I - I 04,6) ± 6,8 
M. parvijolia I 83,6(76,9 - 90,7) ± 3,6 
2 94,1(89,2 - 101 ,5) ± 3,4 
3 99,1(92,3 - 107,7) ± 4,4 
M. praemorsa 94,9(89,2 - 99,9) ± 4 
2 90,5(83,1 - 104,6) ± 6,2 
M. senegalensis 92,3(84,6- 96,9) ± 3 
2 97,4(92,3 - 101 ,5)±3,5 
3 88,1(81-97,5)±4,1 
4 80,6(73,5- 85,5) ± 5,1 
M. speciosa 135(126,1 - 146,1) ± 5,8 
2 138(127,7 - 150,7)±6,1 
M. transvaa/ensis 90(81 ,5- 103) ± 5 
2 115,4{104,6-132,3)±8,2 
M. trilobata 57 ,9(55,4 - 63, I) ± 2,2 
M. umbel/a/a 1 94,7(89,2-101,5)±3,4 
2 108,5(97,5 - 118,4) ± 6,7 
M. senegalensis also in Asia as far east as India. M. ignea 
and M. longipes are endemic to eastern Africa, while M. 
heliotropioides and M. nivea are endemic to the Sahara and 
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Mean for Mean for 
specimens Equatorial diameter specimens 
71,1(66-75)±3,6 
76,5 ± 5,5 72,3{66- 78) ± 4,8 72,1 ±4 
73,2(69 -79,5) ± 4 
86,9 ± 5,4 82,3(78- 88 ,5) ± 3,9 82,3 ±3,9 
63±3,7 62,5(55,5- 67 ,5) ± 3,3 61,9± 3 
61 ,1(58,5- 66) ± 2,5 
68,8(66 - 70,5)± 1,6 
70,5 ±4,4 66 one grain 68,4±2,6 
66,9{64,5- 69) ± 1,7 
71 ,4(67 ,5 -75) ± 2,5 
51,7 ± 8,1 46,8(43,5 - 49,5) ± 2,4 50,5 ±4,7 
55,1(54 - 55,5) ± 0,8 
129,8 ± 5,3 97,4(90,4- 101 ,2) ± 4,6 102,7±7,8 
109,5(105 - 117) ± 5,3 
79,5(76,5 - 87) ± 3,9 
86,9 ± 5,4 75,1(70,2 - 77,3) ± 2,9 77,8±3,7 
78,9(75 - 85,5) ± 3 
118,2±2,8 101,7(97,5-106,5)±3,2 101,7±3,2 
71 ,5±3,4 70,3(66 - 73 ,5) ± 2,9 69,8±2,5 
69,4(66 - 72) ± 2,3 
124,5 ± 3,5 99,5(94,5 - 106,5) ± 6,2 99,5 ±6,2 
85,4 ± 3 84,9(81 - 87) ± 2,5 84,9±2,5 
94,2±4,2 85 ,5(84- 90) ± 3 85,5 ± 3 
65,9(61 ,5 -70,5) ± 3 
62,6(58,5 - 64,5) ± 2, I 
73 ,9 ± 4,5 71,5(67,5 - 75) ± 3,1 65,2±4,5 
60,9(57 - 64,5) ± 2, 7 
86,2 ± 5,8 84 one grain 
102,9±4,7 91 ,3(88,1 - 100,5)±5,2 
103,5(99- 108) ± 3,6 94,7±7,3 
91 ,5(78 - 99) ± 8,2 
102,8 ± 6 99(97 ,5 - I 00,5) ± I ,3 91,4±7,8 
84,1(77,3 - 89,2) ±4,1 
95, 1(87- 102) ± 6,3 
88,9 ± 6,2 84,4(78 ,5 - 90) ± 4,3 84,4 ± 4,3 
90,7 ± 8 81 ,8(77,3 - 85,7) ± 3,1 84,7 ± 5,5 
90,4(85 ,5 - 96) ± 4,9 
81 ,4(78- 85,5) ± 3,1 
93,5 ± 6,8 85,8(78- 91,5) ± 6,4 86,2±5,2 
89,7(87- 93) ± 2 
91,9 ± 5,8 79,4(75 - 83,3) ± 3,5 83,3±4,2 
85(79,5 - 90) ± 3,3 
82,5(81- 88,5) ± 2,9 
90,1 ±5,9 93,5(90- 96) ± 3,1 84,9±4,7 
86(82,5- 88,5) ± 2 
79,5(73,5- 84) ± 4,4 
136,5±6,1 120{117-123)±2,1 121,9±2,7 
122,8(118,5- 127,5) ± 2,6 
101,9± 14,4 84,3(78- 90) ± 5,3 92± 12,6 
107,5(103,5 - 114) ± 5,6 
57,9±2,2 51 ,6(48- 54)± 2,2 51,6±2,2 
100,9±8,6 82,5(78,5- 86,9) ± 3 84,6±64, 
89(78 - 97 ,5) ± 9,9 
Sind deserts. 
The morphology of the Mansonia species is relatively 
uniform and clear diagnostic characters seldom occur. There 
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is, furthermore, so much variability within each taxon that 
distinction between species becomes even more difficult. 
Palynological evidence can sometimes play an important role 
in formulation of natural groups and contribute to systema-
tics. In a preliminary study on the pollen morphology of the 
Gerahiaceae, Bortenschlager (1967) showed that the pollen 
morphology of the family varies . Since the family is under 
revision [Mansonia already completed by Venter (1979) and 
Sarcocaulon by Moffett (1979)], this study, as part of a 
complete palynological investigation of the Geraniaceae was 
undertaken to determine whether morphology of the pollen 
could supplement taxonomic evidence in a systematic study 
of the genus and to present results which might be considered 
in a future clarification of the affinities of the genera in the 
family. 
Materials and Methods 
For this study, pollen was taken from either herbarium 
specimens or from material collected in natural habitats. The 
collectors and the localities where materials were obtained are 
shown in Table 1. Venter 's (1980) identification of the 25 
species of Mansonia is followed in this study. 
For both light microscopy (LM) and scanning electron 
microscopy (SEM) study, pollen was acetolysed according to 
the method of Erdtman (1960). Acetolysed samples for SEM 
were rinsed in acetic acid, washed twice in water, air-dried 
on stubs, coated with gold and examined with an lSI 100 SEM 
at 20 kV. For light microscopy the remainder of acetolysed 
material was prepared according to the method of Reitsma 
(1969). Samples were examined with a Zeiss Photomicroscope. 
Measurements of pollen grain size are based on a minimum 
of 15 grains per specimen. A complete set of slides is filed 
in the Department of Botany, University of the Orange Free 
State, Bloemfontein. 
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For transmission electron microscopy (TEM) fresh material 
was used. Anthers were fixed in 30Jo phosphate buffered 
glutaraldehyde (0,1 mol dm- 3 phosphate buffer, pH 7,0), 
postflxed in 1% phosphate buffered osmium tetroxide, dehy-
drated in ethyl alcohol and embedded in Spurr's low viscosity 
resin. Sections were made with a diamond knife, stained with 
uranyl acetate and then lead citrate (Reynolds 1963). 
Results 
Pollen grains are tricolpate, subprolate to spheroidal. In size 
they range from 43,5 to 150,7 J..Lm (polar diameter) and 43,5 
to 127,5 J..Lm (equatorial diameter) (Table 2). The colpi with 
slightly wavy margins, average from 13,6 to 44,6 J..Lm in length 
and from 2,9 to 12,1 J..Lm in width (Table 3). 
Exine structure is semitectate and reticulate (Figures 1 - 3), 
although in M. deserticola it is striate (Figures 10 & 11). M. 
speciosa has a serrated tectum (Figure 4), and in M. nivea 
and M . heliotropioides supratectal processes are present on 
the tectum (Figures 7 & 8). The reticulate exine consists of 
muri encomposing 5-7 angular lumina. The lumen diameter 
ranges from 2,4 to 18,8 J..Lm in diameter (Table 3). Muri are 
straight to slightly wavy and 0,6 to 3,5 J..Lm wide (Table 3). 
The muri are usually slightly more wavy in M. drudeana, M. 
luederitziana, M. parvijolia and M. umbellata than in other 
Mansonia species. 
The reticulate exine is divided into sexine and nexine, which 
are of similar electron density. Sexine layering is as usual, with 
sexine, 2,4 to 14,1 J..Lm thick (Table 3), attached to the nexine 
by means of infratectal bacula (columellae) which unite into 
a tectum above (Figures 12 & 13). Sexine, nexine and intine 
thicknesses were taken from thin sections. The tectum is 1 ,2 
to 5,3 J..Lm thick (Table 3). The columellae have a slightly 
expanded base and gently concave midregion. Columellae are 
usually present at the corners with sometimes one between 
Table 3 Pollen morphological data. Colpi and lumina size (J..Lm); exine thickness (J..Lm); NTS - not 
thin sectioned 
Col pi 
Taxon (average) Lumina Muri Tectum Sexine Nexine lntine 
M. angustijolia 26,8 x6,5 2,4 - 8,8 0,9 - 1,8 1,2 - 2,4 5,9 - 7,1 0,6 - 1,2 1,2 - 1,8 
M. attenuata 31,8x4,9 2,4 - 8,8 1,8 - 2,4 1,8 - 2,4 NTS 
M. brevirostrata 19,1 x 6,2 2,4 - 7,1 1,2 - 1,8 1,2 - 2,4 5,9 - 6,5 0,9 - 1,2 1,8-2,4 
M. burkeana 25,8 x 6,9 3,5 - 8,2 1,2 - 2,4 1,2 - 2,4 NTS 
M. deserticola 15 ,5 x 2,9 2,4 - 2,9 0,6 1,2-2,1 
M. drudeana 44,6 x 12,1 2,4 - 11,8 1,2 - 2,4 2,4 - 4,1 8,2 - 10,6 0,6 - 1,2 1,2 - 2,4 
M. emarginata 29,1 x9,8 2,9 - 8,8 1,2 - 1,8 1,2 - 2,4 6,5-8,8 0,6 - 1,2 1,2-2,4 
M. ga/pinii 19,9 X 6,7 3,5 - 11 ,2 1,8 - 2,9 2,4 - 3,5 NTS 
M. glauco 23,6 x 7,9 2,9 - 8,2 1,2 - 1,8 1,8-2,9 3,5 - 4,7 0,6 - 1,2 1,8 - 2,4 
M. grandifo/ia 26,7 X 7,4 2,9 - 8,8 1,8 - 2,9 2,9 - 3,5 8,2 - 10,6 1,2 2,4-2,9 
M. he/iotropioides 16,4 x 5,6 2,4-7,6 1,8-2,9 2,4-2,9 NTS 
M. ignea 23,8x6 2,9 - 9,4 1,8 - 2,4 1,8 - 2,9 NTS 
M. ignorata 27,3 X 6,8 2,4-8,8 1,2 - 2,4 1,8 - 2,41 3,5 - 4,7 0,6 1,2-1,8 
M. lanuginosa 3,5 - 9,4 1,8-2,4 1,8-2,4 NTS 
M. longipes 24,4 x 7,7 5,3 - 12,9 1,2 - 3,5 2,4 - 4,1 NTS 
M. luederitziana 38,1 x 6,5 4,1-18,8 1,2 - 2,4 2,4 - 4,1 8,8 - 10 0,6 - 1,2 1,8-2,4 
M. natalensis 27x9,9 2,9 - 10,6 1,2 - 1,8 1,8 - 2,4 NTS 
M. nivea 13,6x5,8 2,4 - 6,5 1,8 - 2,9 1,8 - 2,9 NTS 
M. parvifo/ia 27,3 X 6,2 2,9 - 14,1 1,2 - 2,4 1,8 - 2,9 8,8 - 10 0,6 - 1,2 1,8 
M. praemorsa 36,6 x 6,1 3,5 - 10,6 1,2 - 2,4 1,8 - 2,9 NTS 
M. senga/ensis 23,9 X 7,5 3,5 - 9,4 1,2-2,4 1,8 - 2,4 NTS 
M. speciosa 43,6 x 8,7 4,1 - 14,7 1,8-2,4 2,9-5,3 13 - 14,1 1,2 - 1,8 1,8-2,4 
M. transvaa/ensis 24 x 6,1 3,5 - 9,4 1,8 - 2,9 2,4 - 3,5 6,5-8,2 0,6 - 1,2 1,2-1,5 
M . trilobata 17,3 x4,6 2,4-4,6 0,6-1,2 1,2-1,8 NTS 
M. umbel/ala 22,4x7,4 4,1-17,6 0,6-1,8 1,8 - 4,1 8,8-10,6 0,6-1,2 1,2-2,4 
S. Afr. J. Bot., 1986, 52(4) 365 
Figures 1-6 Scanning electron micrographs of Mansonia species. 1. M. senegalensis (De Winter & Leistner 533), polar view. 2. M. ignorata 
(Giess 13423), equatorial view showing colpate nature of grain and intraluminal bacula. 3. M. natalensis (Nicholson 989), detail of retic•1late 
exine. 4. M. speciosa (Vander Walt 446) showing serrated tectum. 5. M. parvijolia (Verhoeven 138), slightly oblique polar view. 6. M. parvijolia 
(Verhoeven 138), detail of reticulate exine. Scale in polar and equatorial view equals 10 ~m and I ~m in detail figures. 
corners (Figure 3). M. drudeana, M. luederitziana, M. parvi-
folia, and M. umbellata have proportionately more columellae 
than the other Mansonia species (Figures 5 & 6). Intraluminal 
bacula (Figures 2 & 9) were observed on some grains of M. 
ignorata, M. natalensis, M. praemorsa, and M. nivea. The 
number varies from IO·or less per lumen. 
Nexine consists only of nexine 1 (footlayer) with traversing 
channels present (Figure 14). The nexine is 0,6 to 1,8 Jlm thick 
(Table 3). The intine is well developed around the cytoplasm 
and 1,2 to 2,9 Jlm thick (Table 3). The fibrous in tine often 
has a more granular structure against nexine 1 (Figure 13). 
Starch grains are present in the cytoplasm (Figure 15). 
Discussion 
From the work of Bortenschlager (1967) it is clear that the 
family Geraniaceae is heterogeneous in pollen morphology. 
The pollen grains of Erodium, Geranium and Pelargonium 
are colporate while those of Mansonia and Sarcocaulon are 
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Figures 7-11 Scanning electron micrographs of Mansonia species. 7. M. nivea (Davies 8543), subequatorial view. 8. M . nivea (Davies 8543), 
detail of exine showing supratectal processes. 9. M. nivea (Danin & Shmida S-2720) showing intraluminal bacula. 10. M . deserticola (Venter 
8638), slightly oblique polar view. 11. M. deserticola (Venter 8638) detail of striate exine. Scale in polar and equatorial view equals 10 Jlm and 
I Jlm in detail figures . 
colpate. Bortenschlager (1967) identified the following pollen 
types in the five genera: Geranium phaem type; Geranium 
multijlorum type; Erodium type with the three subtypes 
Corsicum, Gruinum and Hirtum; Pelargonium longifolium 
type; Pelargonium repaceum type; Pelargonium echinatum 
type; and Mansonia type with the subtypes Drudeana and 
Nivea. 
The pollen of Mansonia is classified as the Mansonia 
type which includes the Drudeana and Nivea subtypes 
(Bortenschlager 1967). In the present study a third subtype, 
Erodium subtype Hirtum is recognized in Mansonia. The 
genus Mansonia is thus characterized by four types of pollen 
viz. the Mansonia type pollen and three pollen subtypes. 
The Mansonia type (Figures 1 - 4) is the most common and 
is found in all14 species of M . sect. 0/opetalum and in four 
species of M. sect. Mansonia* (see below). The species of M . 
sect. 0/opetalum all inhabit savannah or temperate grassland. 
Of the four species of M. sect. Mansonia one species inhabits 
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Figures 12 - 15 Transmission electron micrographs of Mansonia pollen. 12-14. Mesocolpial view of pollen wall . 12. M. deserticola (Venter 
8638). 13. M . ignorata (Verhoeven 152). 14. M. transvaalensis (Venter 8775). 15. M. luederitziana (Verhoeven 137) pollen showing starch grains 
in cytoplasm. C - columella; I - intine; N - nexine; S - starch grain; T - tectum. Bar = I ~m. 
temperate winter rainfall grassveld, two species inhabit arid 
savannah and one inhabits sand desert. The exine is reticulate, 
muri straight to slightly wavy, and columellae usually only 
at the corners of the lumina with a columella usually present 
between the corners. Pollen size ranges from 55,4 to 150,7 f.lm 
(polar diameter). The following species have pollen grains of 
the Mansonia type: M. angustifolia, M. attenuata, M. breviro-
strata, M. burkeana, ·M. emarginata, M. galpinii, M. glauca, 
M. grandifolia, M . ignea, *M. ignorata, M. lanuginosa, *M. 
longipes, M. natalensis, M. praemorsa, M. senegalensis, *M. 
speciosa, M. transvaalensis, *M. trilobata. The pollen of M. 
speciosa differs from the typical Mansonia type in having a 
serrated tectum (Figure 4). In this group M. trilobata, M. 
brevirostrata and M. burkeana have the smallest grains and 
M . speciosa, M. grandifolia and M. ga!pinii the largest. The 
Mansonia type of pollen was also observed in all 14 species 
of Sarcocaulon (personal observation). The 18 species of 
Mansonia with the Mansonia type of pollen and all species 
of Sarcocaulon are identical in pollen morphology. 
The Drudeana subtype (Figures 5 & 6) differs from the 
Mansonia type by the wavy muri and larger number of 
columellae per lumen. The exine is reticulate and pollen ranges 
from 76,9 to 138,4 f.lm (polar diameter). The following species 
have pollen grains of the Drudeana subtype: M . drudeana, 
M. luederitziana, M. parvifolia and M. umbellata. These four 
species belonging toM. sect. Mansonia, are vegetatively and 
floristically similar and are found in western South West 
Africa, north-western Cape and south-western Angola (Venter 
1980). 
The Nivea subtype (Figures 7 & 8) differs from the Man-
sonia type by the presence of supratectal processes. The exine 
is reticulate and pollen size ranges from 79,9 to 104,6 f.lm 
(polar diameter). The Nivea subtype comprises M. helio-
tropioides and M. nivea. The two species are representatives 
of M . sect. Mansonia and are endemic to the Sahara and Sind 
deserts and are floristically nearly identical. The presence of 
supratectal processes in M . nivea and M. heliotropioides 
indicates a relationship with Geranium where similar processes 
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generally occur on pollen grains. 
The Erodium subtype Hirtum (Figures 10 & 11) differs 
from the Mansonia type and its two subtypes by the striate 
exine. Pollen size ranges from 43,5 to 69 J..Lm (polar diameter). 
The only representative of Mansonia in the Hirtum subtype 
isM desertico/a. It belongs toM. sect. Mansonia and is found 
in South West Africa (Liideritz South District). Erodium 
species having pollen grains of the Hirtum subtype, are E. 
cicutarium (L.) L'Herit., E. hirtum (Forsk.) Willd., and E. 
pachyrhizum Coss. & Dur. 
The intraluminal bacula observed in M. ignorata, M . 
natalensis, M. praemorsa and M . nivea is not a constant 
characteristic, as it can be present in some pollen grains, but 
also completely absent in others. The presence of intraluminal 
bacula was also observed by Bortenschlager (1967) in Pelar-
gonium echinatum (Thunb.) Curt. and in some Sarcocaulon 
species, but not in Mansonia. 
In the exine of Mansonia only the nexine stratification is 
of any interest. Nexine consists only of nexine 1 (footlayer) 
with traversing channels present. The intine is thick and can 
be twice as thick as the nexine. 
Mansonia is also characterized by starchy pollen grains 
(Figure 15) which is in accordance with the finding of Baker 
& Baker (1979) that the Geraniaceae has starchy pollen. 
Usually all members of a particular family have either starchy 
or starchless pollen. 
Except for M. speciosa and M. desertico/a which can be 
identified by their pollen morphology, the other species can 
only be placed in one of the four pollen types which have 
been recorded in the genus Mansonia. Perhaps the most 
surprising observation, during this study, is the striated pollen 
grain of M. deserticola. If reticulate- reticulatostriate-
striatoreticulate- striate is regarded as following a phylo-
genetically progressive line, the most advanced pollen grain 
in the genus is that of M. deserticola. The phenomenon of 
a species differing from others in a group, is however not 
unfamiliar in the Geraniaceae as similar recordings have been 
made in Pelargonium (Van der Walt, pers. comm.). 
The pollen morphology of Mansonia supports the present 
taxonomic division of the genus to a certain degree. All the 
species in M. sect. 0/opeta/um have identical pollen (Man-
sonia type). In M . sect. Mansonia the four types of pollen 
distinguishable suggest a further subdivision of the section into 
the following groups: 
Group I comprising M. drudeana, M. luederitziana, M. 
parvifolia and M. umbellata. They exhibit the Drudeana 
subtype of pollen. 
Group 2 which includes M. heliotropioides and M . nivea with 
the Nivea subtype of pollen. 
Group 3 comprising M . speciosa, M . longipes, M . ignorata 
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and M. trilobata having the Mansonia type of pollen. Al-
though the pollen grains of the four species are similar, 
floristically and vegetatively they differ. M. speciosa and M. 
longipes have similar characteristics, but M. ignorata and M. 
trilobata show floral and vegetative characteristics of Group 1. 
Group 4 with M. desertico/a as only species. Its pollen is of 
the Erodium hirtum subtype. 
The present study shows that pollen cannot be used to 
identify species, but it is useful in grouping the species into 
one of the four pollen types recorded. The pollen data also 
support the close floristical relationship between Mansonia 
and Sarcocaulon as well as the idea that Mansonia and 
Sarcocaulon are the most primitive group in the Geraniaceae 
by having colpate grains in contrast to the colporate grains 
of the other genera. 
Acknowledgements 
The financial support by the Council for Scientific and 
Industrial Research, Pretoria, and the University of the 
Orange Free State is gratefully acknowledged. 
References 
BAKER, H .G. & BAKER, I. 1979. Starch in angiosperm pollen 
grains and its evolutionary significance. Am. J. Bot. 66: 
591-600. 
BOISSIER, P.E. 1867. Flora Orienta/is 1: 897-898. 
BORTENSCHLAGER, S. 1967. Vorliiufige Mitteilungen zur 
Pollenmorphologie in der Geraniaceen und ihre systematische 
Bedeutung. Grana palynol. 7: 400- 468. 
DE CANDOLLE, A.P . 1824. Prodromus !: 638. Treutel et 
Wurtz, Paris. 
ERDTMAN, G. 1960. The acetolysis method. A revised 
description. Svensk. bot. Tidskr. 54: 561 - 564. 
HUTCHINSON, J. 1969. Evolution and phylogeny of flowering 
plants. Academic Press, London. 
KERS, L.E. 1968. Contribution towards a revision of Mansonia 
(Geraniaceae). Bot. Notiser 121: 44- 50. 
KNUTH, R. 1912. Geraniaceae. In: Pflanzenreich, ed. Engler, A. 
4: 129. Reprinted 1968. Verlag von H.R. Engelman (J. 
Cramer), Weinheim. 
MOFFETT, R.O. 1979. The genus Sarcocaulon. Bothalia 12: 
581-613. 
REITSMA, T. 1969. Size modification of recent pollen grains 
under different treatments. Rev. Palaeobot. Palynol. 9: 
175-202. 
REYNOLDS, E.S. 1963. The use of lead citrate at high pH as an 
electron-opaque stain in electron microscopy. J. Cell Bioi. 17: 
208-212. 
SWEET, R. 1826. Hortus Brittanicus, 1st edn, James Ridgeway, 
London. 
VENTER, H .J.T. 1979. A monograph of Mansonia L. 
(Geraniaceae). Meded. LandbHoogesch. Wageningen, 
Nederland 79(9): I- 128. 
VENTER, H.J.T. 1980. A monograph of Mansonia L. Ph.D. 
thesis, Univ. of Orange Free State. 
